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Project Background

* Large-scale penetration of solar, HVdc, energy storage resources planned
or in pipeline

* Discrete development of HVdc, solar, and energy storage
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Project Overview

Problem Statement: Discrete development of power electronics for solar
plants, energy storage systems, high-voltage dc (HVdc) leads to

* Increased costs

* Reduced reliability

* Reduced efficiency

* Competing controls

* Transient stability problems
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Project Overview and Objectives

Project Objective: Develop integrated power

electronics to interface utility-scale solar power, energy
storage, dc, and ac systems with advanced grid A Jranamasion,) veansmisio ol
. Relief . ulation
services. Ee
Project Outcomes: Modular, multi €2
roject Outcomes: Modular, multi-purpose power ®) ®)
electronics (PE) enabling value-added grid solar energy % O ity ") obuton
onverter AC Grid
services.
. (@) C2
Technical Outcomes: @)
* Reduced costs and losses than the discrete development. Grid Disturbance O Energy o Cyber
Control Storage Security
* Provide primary and secondary frequency response improvement,

congestion relief, and disturbance control rejection. Modular PE solution

* Harmonized control approach to manage the solar, energy storage,
and dc transmission that further improves the transient stability.
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Overall Approach: Integrated Solution
Integrated system approach similar to laptops ( Vs. desktop)
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Reduced power electronic and transformer interfaces : reduces cost by up to 50% , reduces losses by up to
50%
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Project Team

* Key Project Participants
e ORNL
* ABB
* Georgia Institute of Technology
e Opal-RT
* Entergy
e Southern California Edison
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Technical Approach: Power Electronic Hardware-in-the-Loop
(PE-HIL) Emulation Architecture

PE SM hardware
to connect PV and
ESS to grid
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controller to contre
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Technical Approach: Power Electronic Hardware-in-the-Loop
(PE-HIL) Emulation Architecture

MARS Emulator (Hardware)*:
Interface MARS real-time
simulator with PE hardware

PE SM hardware
to connect PV and
ESS to grid
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Control Platform

Proposed MARS SM ORNL’s FIRE Platform

Low-level MARS
controller to contre
MARS PE SMs

MARS Real-Time HIL Simulator:
Simulate rest of the MARS PE SMs
in real-time and system models
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Technical Approach: Power Electronic Hardware-in-the-Loop
(PE-HIL) Emulation Architecture

MARS Emulator (Hardware)*:
Interface MARS real-time
simulator with PE hardware

PE SM hardware
to connect PV and
ESS to grid

Central Simulator: Simulate
transmission grids in real-ti
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MARS Module Intelligent
Control Platform

Proposed MARS SM

Central Controller: High-level
MARS control to provide
system control

Low-level MARS
controller to contre
MARS PE SMs

MARS Real-Time HIL Simulator:
Simulate rest of the MARS PE SMs
in real-time and system models
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Questions?

V SOLAR ENERGY -
energy.gov/solar-office %/// [ D e onens o enaray



